Refuge habitats have a stabilising effect on the entomofauna in the agricultural landscape. The objective of this research was to follow the migrant activity of aphids in two types of refuge habitats: shrubs and roadsides of rural areas. Moericke traps method were used for testing the seasonal activity of aphids. The dynamics of species numbers were assessed, and the phenology of the dominating taxa was examined. From 2008 to 2010, more than 5,000 winged aphids from 94 species were caught in shrub habitats, and 83 species were caught in rural roadside habitats. The characteristics of aphid groups were defined on the basis of selected indicators.
Introduction
An increased intensity of agricultural practices in the last decades has caused such environmental problems as contamination, soil degradation, and biodiversity losses (Tilman et al. 2002) . Former varied and complex landscapes with well-balanced proportions of arable land, grassland, forests, fallows, hedgerows, and other semi-natural habitats have been transformed into homogeneous, simple landscapes with a domination of arable land. These changes are related to the local loss of diversity and ecological functioning (Pickett and Cadenasso 1995; Roland and Taylor 1997; Thies and Tscharntke 1999; Tischendorf and Fahring 2000; Menalled et al. 2001; Thieset al. 2003) .
Agricultural landscape structure, which includes the configuration and the composition of crop and non-crop habitats, affect entomofauna movement, abundance, and diversity. Forests, meadows, hedgerows, and field margins all provide resources and habitat connectivity for different arthropod groups. It is commonly predicted that pest regulation will be greater in landscapes that contain a greater proportion or diversity of these habitats (Bianchi et al. 2006; Chaplin-Kramer et al. 2011) . We lack a detailed understanding of how different components of landscape structure influence insect herbivores, their predators and parasites, the spatial scales at which this occurs, and the effects on crop production (Chaplin-Kramer et al. 2011) .
Non-crop habitats provide alternative hosts or preys, pollen, nectar, and overwintering sites (Lethmayer 1998; Dennis et al. 2000; Martin et al. 2013 ) and favorable environmental conditions for many arthropod species (Bianchi et al. 2006) . Landscape structure effects operate at different scales for different arthropod groups depending on the mobility and size of the groups (Tscharntke and Brandl 2004) . Many authors argue that to enhance ecosystem services what is needed are pollination or pest biological control by effective habitat management (Tscharnke et al. 2007; Martin et al. 2013) .
Studies about annual crops show that complex landscapes dominated by non-crop habitats can lead to higher predator densities (Gardiner et al. 2009) or lower abundance of pestsin crop fields (Thies and Tscharntke 1999; Östman et al. 2001; Thies et al. 2005; Gardiner et al. 2009 ). Several studies, conducted in Poland, have examined the different effects of the elements of landscape on beneficial entomofauna; in particular the parasitoids and predators (Bońkowska 1970; Sawoniewicz 1979; Dąbrowska-Prot 1991; Gałecka 1991; Twardowski et al. 2006; Wojciechowicz-Żytko 2009; Wojciechowicz-Żytko and Wnuk 2009; Piekarska-Boniecka et al. 2010) as well as pollinating insects (Banaszak 2000) . However, studies on the effect of landscape composition and habitat isolation on biological control of pests on tree crops, are scarce. Nevertheless, recent studies found that biological control of pest insects on tree crops is influenced by landscape composition (Brown 2004; Eilers and Klein 2009; Dib et al. 2010; Thomson and Hoffmann 2010; Stutz and Entling 2011) .
It is very important to known the time periods which insects exploit particular landscape elements. This a crucial aspect of any recommendations for the enhancement of ecosystem services by landscape management.
Aphids are a major pest on a wide range of crops and trees. Adults and larvae of different coccinellid species, larvae of syrphids, chrysopids, and cecidomyiids, and parasitoids, are expected to reduce the population growth of aphids on fruit trees (Brown 2004; Dib et al. 2010) .
Here we investigated the aphid species composition, abundance, and the phenology of dominating taxa in two non-crop habitats, in the vicinity of apple orchards. In these habitats aphids can be dealt as a potential and alternative food base for all the above-mentioned predators and parasitoids.
The objective of this research was to follow the migrant activity of aphids in two types of refuge habitats in the agricultural landscape of Wielkopolska. The two refuge habitats were: shrubs (S) and roadsides (R). Both habitats were situated near apple orchards. In the studied environments, the species composition and the dynamics of species numbers were assessed, and the phenology of dominating taxa was examined.
Migrant activity of aphids has been widely perceived as a phenomenon of dispersal in search of a host plant. Migration concerns both seasonal flights, undertaken by heteroecious species for the sake of an obligatory change of the host plant (in spring, from the primary host to the secondary host, and in autumn the reverse -from the secondary to the primary host), and flights undertaken in search for other plants belonging to the same host species. This phenomenon is encountered in mono-and heteroecious taxa, and is connected mainly with the nutrient quality and the effect of a large density of specimens in colonies. Aphid seasonal flights can be accurately followed by means of Moericke traps which catch winged morphs of insects. This method was applied to track aphids in the present research.
Materials and Methods
The research was carried out on two sites, shrubs (S) (52°10'10''N; 16°81'19''E) and by the roadside (R) (52°10'20''N; 16°81'45''E) in the rural area of Gorzyczki in the Kościan district, 40 km south of Poznań, from 2008 to 2010. Aphids were caught using circular Moericke traps. The traps had a diameter of 18 cm and a height of 11 cm. An aqueous of ethylene glycol and a detergent were used to catch the aphids. The traps were placed at a height of 1.5 m. Ten traps were used at each site and in each growth season, from May until October. Traps were located about 2 m from the edge of each habitat and the distance between the traps was 10 m within the habitat. Every 10 days, the traps were emptied. After the aphids were taken out of the traps, the aphids were stored in tubes in 75% ethyl alcohol. The material was identified using the keys by Taylor (1984) and by Blackman and Eastop (1994 When analysing the changeability of atmospheric conditions during the course of the research, it was found that all seasons were relatively warm. Over the period of the study, the year 2008 was the warmest, and 2010 the coldest. As far as the total rainfall was concerned, all years were very humid, while 2010 had the most abundant rainfall (Table 1) .
On the basis of selected indicators, the following characteristics of aphid groups were defined: − number of samples (n), − number of individuals (N), − dominance index (D) (dominance is the percentage of specimens of particular species in the community), and the following dominance classes were adopted [according to Durak and Wojciechowski (2008) ]: eudominant -over 20% of the collected material, dominant -10-20% of the collected material, subdominant -5-10% of the collected material, recedent -1-5% of the collected material, subrecedent -less than 1% of collected material; -index of general species diversity, as defined by Shannon-Weaver (1963) (H'):
where: n i -number of individuals (i) of the species in the grouping of general number of individuals (N), S -number of species in the community;
-indicator of evenness of Pielou's index of species frequency(1966) (J'):
-indicator of species richness as defined by Simpson (1949) 
For comparing the structure of the aphid groups, Marczewski-Steinhouse's indicator (1959) (MS) was applied in quality categories:
where: a and b -number of species in the first and second community, respectively, c -number of species common to both compared communities.
While in quality-quantity categories, Hutcheson's test (1970) was applied. The data was statistically analysed using Stat-Soft, Inc. (2010) Statistica, version 9.0.
Results
From 2008 to 2010, there were 5,154 aphid winged individuals from 94 species caught in the shrub habitat located in the rural region of Gorzyczki. Similarly, in the roadside habitat, 3,820 specimens and 83 species were caught ( Table 2) .
The seasonal dynamics of the activity of winged aphid individuals was consistent for all the seasons studied throughout the research period. This is expressed both in the number of specimens and species caught, and is characterised by two clear peaks in numbers during spring and autumn, and a decline in summer, usually lasting from the second decade of July until the second decade of September. The increased intensity of aphid flights in spring and autumn can be easily explained by the phenomenon of mass migration of heteroecious species associated with changing the host plant. The greatest numbers of winged morphs were collected in the shrub habitat during the autumn peaks of 2009 and 2010, with up to 600 individuals/10 traps/decade. Correspondingly, by the roadside, fewer morphs were observed, i.e. up to 300 individuals/10 traps/decade (Fig. 1 ). During these same periods in the season, i.e. spring and autumn, the maximum diversity of aphid species were recorded. The richest composition of aphid species recorded at both sites was during the spring, when 23 species/10 traps/decade were recorded in the shrub habitat, while in the 2009 season -up to 30 species/10 traps/decade were recorded by the roadside (Fig. 2) .
Each year, at both locations, extensive flight activity was shown by a group of approximately thirteen taxa, including the most numerous Rhopalosiphum padi. Over the three seasons of the research project, R. padi constituted 62.4%, in total, in the shrub habitat. At the roadside location, this taxon comprised 64.7% of all collected winged morphs. The following species occupied the remaining positions in this category: Phorodon humuli (5.6%) and Anoecia corni (4.3%). The next five consecutive taxa characteristically represented 1-5% of all the collected winged aphids in the season: Aphis fabae, A. sambuci, Myzus persicae, Sitobion avenae, and Acyrthosiphon pisum (Table 3) .
The rank position of taxa continued to vary over the particular sites and years of the research project. In the shrub habitat, R. padi was eudominant in 2009 and 2010, amounting to 76.9 and 57.2% of the total aphid catch, respectively. In the first research year, this species was dominant within the group together with Periphyllus testudinaceus and P. humuli. The class of subdominants for 2008 was comprised of Drepanosiphum platanoidis and 1
A. sambuci. In the 2009 and 2010 seasons, none of these species maintained the same high position within the group structure (Table 4) . Groups comprising seven taxa constituted recedents in the three seasons of the research project. Subrecedents in the three research years, consisted of groups of seven taxa each. The group of subrecedents was most numerously represented in the first research season by 55 species, and in the remaining seasons by 39 and 40, respectively. At the roadside, R. padi was eudominant in the aphid groups for all three seasons of the research project. Within the aphid groups, A. corni, Panaphis juglandis, and P. humuli were all subdominant. In 2009, A. corni held the same position (Table 4 ). The group of recedents was also large: in 2008, there were 12 taxa, and in the subsequent years, seven and six, respectively. The subrecedents group was comprised of 48, 39, and 18 species, respectively. Species participation differed when analysing aphid flights dividing seasons into three separate periods: spring, summer, and autumn. In the spring of all three years, the greatest activity was recorded in the shrubs by: P. humuli (19.2%), P. testudinaceus (19%), D. plantanoidis (9.5%), and A. sambuci (8.5%). The most active species at the roadside location were: P. humuli (7.9%), P. juglandis (7.7%), S. avenae (6.3%), Microlophium carnosum (5.4%), and Cavariella aegopodii (5.2%) ( Table 5 ). Other aphid species dominated in autumnal catches. In both refuge habitats, R. padi was certainly the most numerous species, constituting a total of 88.9% of all winged morphs recorded in the shrubs and 85% by the roadside for the three years of the research project. A high rank position was also occupied by A. corni, with 4% and 8.3%, respectively. Subsequent positions were taken by M. persicae and A. fabae (Table 6) . Particular taxa differed when it came tothe phenology of the appearance of the winged individuals in a season. The flights of P. humuli, P. testudinaceus, and A. sambuci were particularly active in spring (Fig. 3 ). Yet in autumn, the most active were R. padi and A. corni (Fig. 4) . The flights of A. fabae were highly active throughout the entire season (Fig. 4) .
The comparison of the refuge habitats of the different aphid groups during particular research years, showedthat habitats differed significantly. The habitats differed in terms of general species diversity, as expressed by the H' coefficient but these did not differ between the years of the study (Table 7) . In 2008, the highest species diversity expressed by the Shannon-Weaver index was recorded at the roadside and the shrub locations as 4.12 and 3.74, respectively. The lowest was recorded in both locations in 2010 as 1.40 and 0.95, respectively. The same relations were recorded between groups compared on the basis of two subsequently calculated indices: Pielou's uniformity of species frequency (J') and Simpson's species diversity (d) ( Table 7) .
Hutcheson's test was applied both quantitatively and qualitatively to compare the aphid communities in refuge habitats, shrubs, and roadside. The differences between them were proven statistically on the basis of the Shannon-Weaver formula (Table 7) .
A comparison of the groups in terms of quality using the Marczewski-Steinhaus index, showed that the shrub habitat groups had between 30 to 33 common species. The similarity of species ranged from 38.37 to 43.48%. The 
Discussion
The large-scale activity of winged aphids in the researched refuge habitats in the agricultural landscape of Wielkopolska points to a wealth of aphid fauna. The presence of 94 and 83 aphid species or groups of aphid species, respectively, was recorded within the winged aphid groups, in shrubs, and by the roadside. The method applied, allows for the gathering of an abundant amount of material but does involve certain difficulties when interpretingthe research results. This stems from the fact, that winged aphid specimens from neighbouring habitats could also be found in the yellow dishes. Taking the above information into consideration, those species which were captured in large quantities during the period following spring, whilst their host plants dominated in phytocoenosis, were considered to be characteristic of the studied sites. On this basis, thirteen aphid species were included within the group of taxa characteristic for both research sites: P. humuli, P. testudinaceus, D. platanoidis, A. sambuci, R. padi, A. fabae, C. aegopodii, B. divaricatae, S. avenae, C. theobaldii, M. dirhodum, E. betulae, M. carnosum , and additionally P. juglandis for the roadside. As stated in previous research articles, many of these species were observed as being characteristic of various non-agricultural sites regarded as typical across the agricultural landscape of the Wielkopolska and Kujawy regions, such as mid-field thickets, roadsides, forest edges or boundaries (Wilkaniec 2000 (Wilkaniec , 2001 Bennewicz et al. 2001; Wilkaniec et al. 2000 Wilkaniec et al. , 2008 Bennewicz 2010) . Their significance stems primarily from the common occurrence of these host plant habitats in phytocoenosis including: P. humuli -blackthorn and cherry plum, P. testudinaceus and D. platanoidis -maple trees, and A. fabae -euonymus, C. aegopodii and C. theobaldi -willow, E. betulae -birch, B. divaricatae -cherry plum, R. padi -black cherry and grass, S. avenae -grasses, and M. carnosum -nettle. Only P. juglandis, a taxon growing on walnut, was unusual for roadside sites in Wielkopolska as this tree rarely grows by the side of a road. The unique position of R. padi in the caught material should be commented on. A large quantity of this specimen is captured in traps, mainly in autumn; from mid--September until the end of the growth season. The same phenomenon can be observed not only in the agricultural landscape but also in e.g. urban green spaces (Wilkaniec 2000 (Wilkaniec , 2001 Wilkaniec et al. 2000 Wilkaniec et al. , 2008 Wilkaniec et al. , 2012 . In terms of numbers in catches, two species also found growing in grasses and cereals, i.e. A. corni and S. avenae, can never be on par with R. padi, hence, it is difficult to explain this phenomenon purely in terms of the extensive availability of host plants in phytocoenosis.
The obtained results point to significant differences in the number of groups within the research years, which impacts a whole array of factors, both abiotic and biotic.
The best conditions for aphid development were during the first season of the research. This was primarily associated with favourable weather conditions, i.e. a warm and moderately humid season.
Our understanding of the impact of landscape composition on the biological fight with pests in horticultural crops is relatively small (Brown 2004; Eilers and Klein 2009; Dib et al. 2010; Thomson and Hoffmann 2010; Stutz and Entling 2011) . The results of the presented research point to the fact that uncultivated habitats surrounding apple orchards provide a good location for a wealth of aphid fauna to develop. The issue of to what extent this potential nutrient base may be used by different groups of predatory and parasitic insects, which could regulate the number of orchard pests, requires further research.
The results of our studies can be used in assessing the biodiversity of this group of insects in refuge habitats. Aphids are important as pests of plants, and vectors of virus diseases.
